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Abstract 

Background: Although a delayed decrease in heart rate during the first minute after graded exercise has been 
identified as a powerful predictor of overall mortality in cardiac patients, the potential to influence this risk factor by 
aerobic training remains to be proven. 

Objective: The aim was to study the relationship between aerobic training and Heart Rate Recovery (HRR) in 
patients with established heart disease. 

Methods: (Quasi) randomized clinical trials on aerobic exercise training in adults with established heart disease were 
identified through electronic database and reference screening. Two reviewers extracted data and assessed the risk 
of bias and therapeutic validity. Methodological validity was evaluated using an adapted version of the Cochrane 
Collaboration's tool for assessing risk of bias and the therapeutic validity of the interventions was assessed with a 
nine-itemed, expert-based rating scale (CONTENT). Scores range from 0 to 9 (score > 6 reflecting therapeutic 
validity). 

Results: Of the 384 articles retrieved, 8 studies (449 patients) were included. Three of the included studies 
demonstrated adequate therapeutic validity and five demonstrated low risk of bias. Two studies showed both 
adequate therapeutic validity and a low risk of bias. For cardiac patients aerobic exercise training was associated 
with more improvement in HRR compared to usual care. 

Conclusion: The present systematic review shows a level 1A evidence that aerobic training increases HRR in 
patients with established heart disease. 
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Introduction 

Exercise based rehabilitation has proven its value in 
reducing morbidity and mortality in patients with established 
heart disease [1-5]. The cardiovascular benefits of exercise 
training are multifactorial and include important local and 
systemic effects on skeletal muscle, the peripheral vasculature, 
the myocardium and the autonomic nervous system. Both 
parasympathetic and sympathetic tone have been shown to 
respectively in and decrease in humans and animals [6,7]. One 
of the more short term modulations of the autonomic nervous 
system seems to be the Heart Rate Recovery (HRR) [8]. HRR 
can be defined as the rate at which heart rate declines, usually 
within minutes after the cessation of physical exercise [9,10]. A 



delayed decrease in heart rate during the first minute after 
graded exercise is a powerful predictor of overall mortality in 
both patients with and without heart disease, independent of 
workload, the presence or absence of myocardial perfusion 
defects, and changes in heart rate during exercise [11]. 

Whether HRR may also serve as a powerful and convenient 
instrument to monitor improvement in training status during 
exercise based rehabilitation of patients with established heart 
disease remains, to our knowledge, to be proven. Therefore 
the aim of this study was to conduct a systematic review on the 
effect of aerobic training on HRR in patients with established 
heart disease. 
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Methods 
Data sources 

A search was performed in the following electronic 
databases from start to July 2012: MEDLINE (accessed by 
PubMed), Cochrane Central Register of Controlled Trials, 
EMBASE, and Scopus. In addition, we manually searched the 
references of published studies. The initial search was not 
limited by language and comprised the terms 'Heart Rate 
Recovery', 'Exercise' OR Training' AND 'Heart Disease'. The 
complete search strategy used for the different databases is 
shown in Table S1. This systematic review is reported in 
accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement (Checklist 
S1) [12,13]. 

Study selection: In- and exclusion criteria 

Articles published before July 2012 in generally accessible, 
English-language, peer-reviewed scientific journals were 
assessed as suitable. Inclusion was based on: 

Articles being full text randomised or quasi-randomised 
(methods of allocating participants to a treatment which are 
not strictly random e.g. date of birth, hospital record number 
or alternation) controlled trials; 

HRR being a dependent variable: the method to determine 
HRR was not considered as an in- or exclusion criterion; 

The duration of the therapeutic physical training being at 
least 2 weeks with a pre and post measurement of HRR 
(The type of training was not considered as an in- or 
exclusion criterion); 

The control group receiving no exercise therapy or usual 
care; 

The selected subjects being patients with established 
heart disease (e.g. STEMI (ST Elevated Myocardial 
Infarction), CABG (Coronary Artery Bypass Graft), CAD 
(Coronary artery disease) and AMI (Acute Myocardial 
Infarction). 

Exclusion criteria: 

Patients < 18 years. 

Data Extraction 

Two reviewers (S.v.B. and J.A.S.) independently extracted 
the following information from each eligible publication: year of 
publication, trial design, study population, number of subjects, 
type of exercise test, method to determine HRR, and type, 
duration and intensity of the exercise intervention. Any 
disagreements about the extracted data were solved by a third 
reviewer (H.D). In case of missing data, the corresponding 
author of the included study was contacted. 

Assessment of methodological (risk of bias) validity 

Two reviewers (S.v.B. and J.A.S.) independently assessed 
the methodological validity (risk of bias) of the studies. This 
was scored using the adapted version of the Cochrane 
Collaboration's tool [14]. This adapted tool reviews five 
domains, with 1 1 items in total (see Table S2). Each item is 



rated as 'yes', 'no', or 'unsure'. Studies fulfilling six or more 
items were regarded as having a low risk of bias [15]. The 
strength of agreement between the two reviewers was 
measured by Cohen's k coefficient (95%-confidence intervals), 
with k= 0.41-0.60 indicating moderate agreement, k= 0.61- 
0.80 representing good agreement, and k= 0.81 representing 
very good agreement [16]. 

Assessment of therapeutic validity 

To assess the therapeutic validity of the different exercise 
programmes we used the CONTENT scale composed and 
described by Hoogeboom et al.. They followed the method 
described by Yates et al [17] to form a Delphi panel. This panel 
subsequently defined in four rounds a workable 9 item rating 
scale for the therapeutic validity of exercise programmes. Each 
item was rated as 'yes' or 'no'. Studies with six or more points 
out of nine were regarded as being of high therapeutic quality. 
The strength of agreement between the two reviewers was 
measured by Cohen's k coefficient (95%-confidence intervals), 
with k= 0.41-0.60 indicating moderate agreement, k= 0.61- 
0.80 representing good agreement, and k= 0.81 representing 
very good agreement [16]. 

Results 

Description of search 

We identified a total of 384 records in the initial search and 
removed 92 duplicate publications. Six records were added 
through searches in references. We excluded 273 non-relevant 
records based on title or abstract screening. Full-text articles 
were retrieved for 25 publications and assessed for eligibility 
(Figure 1). Four randomized controlled trials and four quasi- 
randomized controlled trials met the eligibility criteria (Table 1) 
[18-25]. Giallauria et al. investigated the effect of cycling three 
times a week with an intensity of 60-70% peak V0 2 in 37 
STEMI patients with 38 controls. Legramante et al. trained 43 
subjects with CABG on a bicycle for thirty minutes two times a 
day during six weeks with an intensity of 75-85 % of maximal 
heart rate. Moholdt et al. studied the effect of training on a 
treadmill versus exercises as walking, jogging, lunges and 
squats on 59 subjects with an AMI with 30 controls during 12 
weeks. Twelve patients with chronic heart failure were 
compared with 12 controls by Myers et al. during eight weeks 
of cycling and walking training vs usual care. In 2012 Ribeiro et 
al. investigated the effect of aerobic exercise training on 20 
patients with CAD compared to 18 patients with usual care. 
Tsai et al. trained 15 CABG patients with walking and running 
training during 12 weeks three times a week and compared 
them with 15 controls. Wu et al. made three groups of 18 
patients with CABG and compared a cardiac rehabilitation 
program with home based exercises and a group with no 
exercises during twelve weeks. Finally twenty-seven patients 
with an AMI were trained by Zeng et al. for twenty-six weeks 
with cycling training three times a week on the anaerobic 
threshold for thirty minutes. Table S3 shows the studies not 
included in the review (15 prospective or retrospective cohort 
studies and 2 RCT's in which the control group received a 
different therapy than usual care or no therapy). 
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Records identified through 
database searching 
(n = 384) 



Additional records identified 
through other sources 
(n = 6) 



Records after duplicates removed 
(n = 298) 



Records screened 
(n = 298) 



Records excluded 
(n = 273) 



Full-text articles excluded, 
(n = 17) 



Full-text articles assessed 
for eligibility 
(n = 25) 




► 








Studies included in the 
systematic review 
(n = 8) 





• 15 observational 
cohort studies 

• 2 RCT's control 
group no usual 
therapy 



Figure 1. Description of search. Selection of trials investigating heart rate recovery. 

doi: 10.1371/joumal.pone.0083907.g001 



Risk of bias 

Table 2 shows the methodological quality assessment of 
individual studies. For one study the corresponding author was 
contacted to resolve ambiguity in data. The initial agreement of 
the reviewers on the total risk of bias assessment was 88% (77 
of 88 items), and Cohen's Kappa (95% CI) was 0.79 (0.73- 
0.85). All disagreements were resolved in a consensus 
meeting. Three studies were assessed as having a high risk of 
bias and five studies were assessed as having a low risk of 
bias. The most prevalent limitations were found in items about 
blinding (patient, care provider, outcome assessor), allocation 
concealment and compliance. 



Therapeutical validity 

Table 3 shows the therapeutic validity assessment score per 
individual study as assessed using the CONTENT scale. 
Cohen's kappa revealed a moderate agreement between the 
two reviewers of 0.69 (0.60-0.78); absolute agreement was 
found in 61 out of 72 items (85%). The item "Was the 
therapeutic exercise monitored and adjusted when considered 
necessary?" had the lowest agreement between the reviewers. 
All disagreements were resolved in a consensus meeting. 
Three of the eight studies could be labelled as being 
therapeutically valid according to the cut-off score of six or 
higher. Both therapeutic validity and methodological validity 
scores are presented in Table 4. 
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Table 1. Overview of (quasi) Randomized Controlled Trials included in the review. 





Study 




Participants 




Measure- 


Type of 


Frequency + length of 


Intensity of 


Length 


Change HRR (60 


Author 


population 


Groups (n)per group 


Stress test ment HRR 


training 


training 


training 


of rehab. 


sec) 


Giallauria ©f a/ 
(2011) 


STEMI 


2 


37,38 


Bicycle 


60 sec 


Cycling 


E: 3 x p.w. 40 min C: 
untrained 


60-70 % peak 
V0 2 


26 wk 


E: 13 — * 20* C: 14 

-> 12* 


Logramante Gt a/ 
(2007) 


CABG 


2 


43,39 


Bicycle 


fin pop -i- 

DU S6C + 

other 


Cycling 


E° 6 x p w 2 x p d 30 min 
C: untrained 


75-85 % HR 
max 


2 wk 


E: 8 — > 12 C: 7 — * 
10 


Moholdt ef al 
(2011) 


AMI 


2 


59,30 


Treadmill 


60 sec 


Treadmill 
vs W+J+L 
+S 


E: 3 x p.w. 38 min C: 3 x 
p.w. 60 min 


E: 85-95 % 
HR max C: 
Vigorous 


12 wk 


E: 31 -> 33 C: 33 
-►34 
















exercise 






Myers ef al 
(2007) 


CHF 


2 


12,12 


Bicycle 


60 sec + 
other 


Cycling 
Walking 


E: 4 x p.w. 45 min + 2 x 
p.d. 60 min C: usual care 


E: 60-80 % 
HR reserve 


8 wk 


E:8^14C:9^ 
10 


Ribeiro et al 
(2012) 


CAD 


2 


20,18 


Treadmill 


60 sec 


Aerobic 
exercise 


E: 3 x p.w. 55 min C: 
usual care 


65-75 % HR 
max 


8 wk 


E: 20 -> 24* C: 26 
-►26* 


Tsai ef al (2005) 


CABG 


2 


15,15 


Bicycle 


60 sec 


Cycling; 
Walking 


E: 3 x p.w. 30-40 min C: 
No cardiac rehabilitation 


60-80 % HR 
max 


12 wk 


E: 4 -> 16* C: 5 
-> 11* 


Wu et al (2006) 


CABG 


3 


18,18,18 


Bicycle 


60 sec 


Cycling; 
Treadmill 


E: 3 x p.w. 50-80 min Eh: 
3 x p.w. 50-80 min C: No 
exercise 


60-85 % HR 
max 


12 wk 


E:9^19* Eh: 8 
-» 16 C: 9 -> 14* 


Zeng et al (2008) 


AMI 


2 


27,30 


Bicycle 


60 sec 


Cycling 


E: 3 x p.w. 30 min C: No 
exercise 


AT 


26 wk 


E: 12 17* C: 12 
12* 



Abbreviations: n (number); Change HRR (Change in Heart Rate Recovery from begin- to endpoint); STEMI (ST Elevated Myocardial Infarction); CABG (Coronary Artery 



Bypass Graft); AMI (Acute Myocardial lnfarction);W+J+L+S (Walking, Jogging, Lunges, Squats); CHF (Chronic Heart Failure); CAD (Coronary Artery Disease); E (Exercise 
group); Eh (Exercise at home group); C (Control group); VO2 (oxygen uptake); HR (Heart Rate); AT (Anaerobic Threshold) * Significant (p<0.05) between group difference 
doi: 10.1371/journal.pone.0083907.t001 



Table 2. Assessment of risk of bias per individual study per scale item. 



Blinding 

























Timing of 






Adequate 










Drop-out 


Intention toGroups 


Co inter- 




outcome 






randomi- 


Allocation 




Care 


Outcome 


rate 


treat 


similar at 


ventions 


Compliance 


assessment 


Total 


Study 


sation 


concealed 


Patient 


provider 


assessor 


described 


analysis 


baseline 


avoided 


acceptable 


similar 


score 


Giallauria ef al 
(2011) 


Yes 


Unsure 


No 


Unsure 


Yes 


Yes 


Yes 


Yes 


No 


Yes 


Yes 


7 (64%) 


Legramente etal 
(2007) 


Unsure 


Unsure 


No 


Unsure 


Unsure 


Yes 


Yes 


Yes 


Yes 


Unsure 


Yes 


5 (46%) 


Moholdt ef al (2011) 


Yes 


Yes 


No 


Unsure 


Unsure 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


8 (73%) 


Myers ef al (2007) 


Unsure 


Unsure 


No 


Unsure 


Unsure 


Yes 


Yes 


Yes 


No 


Unsure 


Yes 


4 (36%) 


Ribeiro ef al (2012) 


Yes 


Yes 


No 


Unsure 


Unsure 


Yes 


Yes 


No 


Yes 


Unsure 


Yes 


6 (55%) 


Tsai ef al (2005) 


Yes 


Yes 


No 


Unsure 


Unsure 


Yes 


Yes 


Yes 


Yes 


Unsure 


Yes 


7 (64%) 


Wu ef al (2006) 


Yes 


Unsure 


Yes 


Unsure 


Yes 


Yes 


Yes 


Yes 


Yes 


Unsure 


Yes 


8 (73%) 


Zeng ef al (2008) 


No 


No 


No 


Unsure 


Unsure 


Yes 


Yes 


Yes 


Yes 


Unsure 


Yes 


5 (46%) 


Total score 


5 (63%) 


3 (38%) 


1 13%) 


0 (0%) 


2 (25%) 


8(100%) 


8 (100%) 


7 (88%) 


6 (75%) 


2 (25%) 


8(100%) 




doi: 10.1371/journal.pone.0083907.t002 



Association between exercise intervention and HRR 

Five of the eight studies showed a significant between group 
difference of HRR after exercise (Table 4). Four of these five 
studies showed a low risk of bias and two out of these five a 
high level of therapeutic validity. Only two out of the eight 
studies were indicated as having both a low risk of bias and a 



high therapeutic validity [18,22]. Both studies showed a 
significant improvement of HRR after cardiac rehabilitation 
(CR) compared to controls (absolute between group HRR 
difference resp. 9 and 5 bpm). 
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Table 3. Assessment of therapeutic validity per individual study per scale item (CONTENT scale). 







Patient ( 


eligibility 




Rationale 




Content 










Study 


Described Adequate 


Setting and therapist 


Study 


Intervention 


Intensity 


Monitored 


Personalized 


Adherence 


Total score 


Giallauria et al (2011) 


yes 


yes 


no 


yes 


no 


yes 


no 


yes 


yes 


6 (66%) 


Legramente et al (2007) 


yes 


no 


no 


yes 


no 


yes 


no 


no 


no 


3 (33%) 


Moholdt etal (2011) 


yes 


yes 


no 


yes 


no 


yes 


no 


no 


yes 


5 (55%) 


Myers et al (2007) 


yes 


yes 


yes 


yes 


no 


yes 


no 


yes 


no 


6 (66%) 


Ribeiro et al (2012) 


yes 


yes 


no 


yes 


yes 


yes 


no 


no 


no 


5 (55%) 


Tsai et al (2005) 


no 


yes 


no 


yes 


no 


yes 


no 


no 


no 


3 (33%) 


Wu efa/(2006) 


yes 


yes 


yes 


yes 


no 


yes 


no 


yes 


no 


6 (66%) 


Zeng etal (2008) 


yes 


yes 


no 


yes 


no 


no 


no 


no 


no 


3 (33%) 


Total score 


7 (88%) 


7 (88%) 


2 (25%) 


8 (100%) 


1 (13%) 


7 (88%) 


0 (0%) 


3 (38%) 


2 (25%) 





doi: 10.1371/journal.pone.0083907.t003 

Correlation between training intensity and duration and 
HRR 

Linear regression analysis showed no correlation (R 2 ) 
between training intensity, duration and total volume (duration x 
intensity) and the improvement of the HRR when each selected 
paper was taken as one data point. This applies to both 
absolute improvement of HRR and relative improvement (R 2 all 
< 0.2 and p > 0.10). 

Discussion 

The present systematic review shows that aerobic training 
increases heart rate recovery in patients with established heart 
disease. Of the eight eligible studies found in our systematic 
review, five met the criteria for methodological quality and three 
met the requirements for therapeutic validity. Only two studies 
showed both a low risk of bias and a high therapeutic validity. 
Both studies showed a significant improvement of HRR after 
exercise training compared to no training. Although only two 
out of the eight eligible studies met the predetermined criteria 
and the total number of patients is limited, they showed a 
homogenic conclusion. On this basis we conclude that the 
present systematic review shows a level 1A evidence that 
aerobic training increases heart rate recovery in patients with 
established heart disease. 

HRR has been identified as a powerful predictor of overall 
mortality [11]. Cole et al. described an adjusted relative risk of 
2,0 (95% CI 1 .5 - 2.7) for patients with a reduction in heart rate 
of 12 beats per minute or less after maximal exercise when 
adjustments were made for age, sex, the use or non-use of 
medications, the presence or absence of myocardial perfusion 
defects on thallium scintigraphy, standard cardiac risk factors, 
the resting heart rate, the change in heart rate during exercise, 
and workload achieved. Several studies were started thereafter 
in an attempt to increase HRR in patients with heart diseases 
using aerobic training, but a systematic review to elucidate the 
real effects was lacking to our knowledge. 

Exercise-based cardiac rehabilitation has proven its value in 
reducing total and cardiovascular mortality and hospital 
admissions with reported relative risk of 0.87 (95% CI 0.75 - 



Table 4. Methodological and therapeutic validity scores per 
study. 







Methodological validity 


Therapeutical validity 


Study 


(0-11) 


(0-9) 


Giallauria et al. (2011)* 


7 (64%)** 


6 (66%)** 


Legramante et al. (2007) 


5 (46%) 


3 (33%) 


Moholdt etal. (2011) 


8 (73%) 


5 (55%) 


Myers et al. (2007) 


4 (36%) 


6 (66%) 


Ribeiro etal. (2012)* 


6 (55%) 


5 (55%) 


Tsai et al. (2005)* 


7 (64%) 


3 (33%) 


Wu ef al. (2006)* 


8 (73%)** 


6 (66%)** 


Zeng et al. (2008)* 


5 (46%) 


3 (33%) 



Significant (p<0.05) between group difference 
** Low risk of bias and a high therapeutical validity 
doi: 10.1371/journal.pone.0083907.t004 

0.99), 0.74 (95% CI 0.63 - 0.87) and 0.69 (95% CI 0.51 - 0.93) 
respectively [1]. CR is widely recommended for all patients with 
an acute coronary syndrome (ACS), and for those who have 
undergone coronary artery bypass graft or valvular surgery or 
even percutaneous coronary interventions (PCI) [26,27]. Cardio 
pulmonary exercise testing is considered the gold standard for 
the measurement of exercise capacity in CR. However, it is 
expensive, time consuming and not always available for all 
clinics. In contrast, HRR determination is easy to use and 
inexpensive. When validity and reliability are determined to be 
sufficient, it may be a powerful and convenient instrument to 
monitor improvement in training status of patients with 
established heart disease. 

The observation of HRR increase during exercise based CR 
in cardiac patients is in line with observations in athletes [28]. 
Daanen et al. conclude that HRR has the potential to become a 
valuable tool to monitor changes in training status in athletes 
and less well-trained subjects. 

Whether the improvement of HRR by CR also reduces 
mortality is an important question linked to the validity of HRR 
monitoring. Jolly et al. not only showed in a retrospective 
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cohort study that HRR improved after CR [29], but also found a 
strong association between abnormal HRR (HRR values < 12 
bpm) at exit of CR with all-cause mortality (hazard ratio, 2.15; 
95% confidence interval 1.43-3.25). Patients with abnormal 
HRR at baseline who normalized HRR with exercise had a 
mortality similar to that of individuals with baseline normal 
HRR. They evaluated 1070 patients who underwent exercise 
stress testing before and after completion a CR program. Of 
544 patients with abnormal baseline HRR, 225 (41%) had 
normal HRR after rehabilitation. Among patients with an 
abnormal HRR at baseline, failure to normalize after 
rehabilitation predicted a higher mortality (P < 0.001 ). 

Despite these clear results, other variables than training 
status have to be considered as possible confounders for the 
change in HRR during CR programs. Namely. 

All patients were diagnosed as having some kind of 
cardiovascular disease or surgery. Normal physical recovery 
after cardiac events (AMI, CAD or revascularisation surgery 
(CABG or PCI) also influence HRR. During normal recovery 
from surgery HRR will also increase without an exercise 
intervention in due time [22]. Therefore, the only way to show 
the additional effect of aerobic training over normal recovery is 
to have an experimental and control group. Our review showed 
an additional effect of exercise training compared to no training 
or usual care in cardiovascular populations. In all studies the 
training protocols were clearly defined. The usual care or no 
training protocol, however, showed some variations. Moholdt et 
al. presented for instance that the exercise intensity of 'usual 
care' was described vigorous [24]. 

Secondly HRR is measured over different time frames, 
generally ranging between 30 seconds and 2 minutes. Most 
studies use the difference between the end value of exercise 
and the heart rate after 60 seconds of recovery from an 
exercise test. In addition to this variation, the exercise intensity 
during the recovery period is not always described in detail. 
This can vary from complete rest to a percentage of maximal 
exercise intensity. In order to be able to compare HRR results, 
consensus should be reached regarding the way the recovery 
period is organized. We propose, in line with most studies, to 
have no exercise at all. 

Finally the type of exercise modality can be of influence on 
HRR. HRR yields higher values for running than for cycling, 

References 

1. Heran BS, Chen JM, Ebrahim S, Moxham T, Oldridge N, et al. (2011) 
Exercise-based cardiac rehabilitation for coronary heart disease. 
Cochrane Database of Systematic Reviews (Online) (7): CD001800. 

2. Piepoli MF, Guazzi M, Boriani G, Cicoira M, Corra U et al. (2010) 
Exercise intolerance in chronic heart failure: Mechanisms and 
therapies, part I. European Journal of Cardiovascular Prevention and 
Rehabilitation: Official Journal of the European Society of Cardiology, 
Working Groups on Epidemiology and Prevention and Cardiac 
Rehabilitation and Exercise Physiology 17: 637-642. doi:10.1097/HJR. 
0b013e3283361dc5. PubMed: 21268774. 

3. Piepoli MF, Guazzi M, Boriani G, Cicoira M, Corra U et al. (2010) 
Exercise intolerance in chronic heart failure: Mechanisms and 
therapies, part II. European Journal of Cardiovascular Prevention and 
Rehabilitation: Official Journal of the European Society of Cardiology, 
Working Groups on Epidemiology and Prevention and Cardiac 
Rehabilitation and Exercise Physiology 17: 643-648. doi:10.1097/HJR. 
0b013e32833f3aa5. PubMed: 21217245. 



which is probably related to the higher aerobic demands in 
running [30]. Although our review consisted of bicycle and 
treadmill exercise tests, both studies with a low risk of bias and 
a high therapeutic validity were executed on a bicycle. It can be 
expected that the relation between training status and HRR is 
better for treadmill testing than cycling. 

While a clear effect exists of exercise therapy per se, no 
correlation was found between the duration or intensity of 
exercise therapy and the change in HRR when every included 
study was taken as a data point. This is probably due to the 
considerable differences between the studies in terms of 
training duration, training intensity, type of exercise, patient 
group included and so on. 

An interesting question remains if the results of the present 
review can be generalized to other cardiac patients or other 
diseases. We speculate that the benefits of exercise training 
would extend to these patient groups, although further research 
will be needed to demonstrate this. For patients with 
established heart disease HRR has a prognostic value and can 
be improved by cardiac rehabilitation. 

Supporting Information 

Checklist S1. (DOC) 

Table S1 . Full bibliography of the electronic searches. 

(DOCX) 

Table S2. Assessment of risk of bias scale. 

(DOCX) 

Table S3. Overview of studies not included in the review. 

(DOCX) 

Author Contributions 

Analyzed the data: JAS SvB HD. Wrote the manuscript: JAS 
SvB NvM FJGB HD. 



4. O'Connor GT, Buring JE, Yusuf S, Goldhaber SZ, Olmstead EM et al. 
(1989) An overview of randomized trials of rehabilitation with exercise 
after myocardial infarction. Circulation 80: 234-244. doi: 
10.1161/01.CIR.80.2.234. PubMed: 2665973. 

5. Oldridge NB, Guyatt GH, Fischer ME, Rimm AA (1988) Cardiac 
rehabilitation after myocardial infarction, combined experience of 
randomized clinical trials. JAMA: the Journal of the American Medical 
Association 260: 945-950. doi:10.1001/jama.1988.03410070073031. 

6. Chen Y, Chandler MP, DiCarlo SE (1997) Daily exercise and gender 
influence postexercise cardiac autonomic responses in hypertensive 
rats. Am J Physiol 272: H1412-H1418. PubMed: 9087619. 

7. Goldsmith RL, Bloomfield DM, Rosenwinkel ET (2000) Exercise and 
autonomic function. Coron Artery Dis 11: 129-135. doi: 
10.1097/00019501-200003000-00007. PubMed: 10758814. 

8. Buchheit M, Mendez-Villanueva A, Quod MJ, Poulos N, Bourdon P 
(2010) Determinants of the variability of heart rate measures during a 
competitive period in young soccer players. Eur J Appl Physiol 109: 
869-878. doi:10.1007/s00421-010-1422-x. PubMed: 20229253. 



PLOS ONE | www.plosone.org 



6 



December 2013 | Volume 8 | Issue 12 | e83907 



Effect of Aerobic Training on Heart Rate Recovery 



9. Borresen J, Lambert Ml (2007) Changes in heart rate recovery in 
response to acute changes in training load. Eur J Appl Physiol 101: 
503-511. doi:10.1007/s00421-007-0516-6. PubMed: 17687564. 

10. Shetler K, Marcus R, Froelicher VF, Vora S, Kalisetti D et al. (2001) 
Heart rate recovery: Validation and methodologic issues. J Am Coll 
Cardiol 38: 1980-1987. doi: 10.1 01 6/S0735-1 097(01)01 652-7. PubMed: 
11738304. 

11. Cole CR, Blackstone EH, Pashkow FJ, Snader CE, Lauer MS (1999) 
Heart-rate recovery immediately after exercise as a predictor of 
mortality. N Engl J Med 341: 1351-1357. doi:10.1056/ 
NEJM199910283411804. PubMed: 10536127. 

12. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. (2009) 
Preferred reporting items for systematic reviews and meta-analyses: 
The PRISMA statement. BMJ (Clinical Research Ed.) 339: b2535. 

13. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, et al. (2009) 
The PRISMA statement for reporting systematic reviews and meta- 
analyses of studies that evaluate healthcare interventions: Explanation 
and elaboration. BMJ (Clinical Research Ed.) 339: b2700. 

14. van Rijn RM, van Ochten J, Luijsterburg PA, van Middelkoop M, Koes 
BW, et al. (2010) Effectiveness of additional supervised exercises 
compared with conventional treatment alone in patients with acute 
lateral ankle sprains: Systematic review. BMJ (Clinical Research Ed.) 
341: C5688. 

15. van Tulder MW, Suttorp M, Morton S, Bouter LM, Shekelle P (2009) 
Empirical evidence of an association between internal validity and 
effect size in randomized controlled trials of low-back pain. Spine 34: 
1685-1692. doi:10.1097/BRS.0b013e3181ab6a78. PubMed: 19770609. 

16. Landis JR, Koch GG (1977) The measurement of observer agreement 
for categorical data. Biometrics 33: 159-174. doi:10. 2307/2529310. 
PubMed: 843571. 

17. Hoogeboom TJ, Oosting E, Vriezekolk JE, Veenhof C, Siemonsma PC 
et al. (2012) Therapeutic validity and effectiveness of preoperative 
exercise on functional recovery after joint replacement: A systematic 
review and meta-analysis. PLOS ONE 7: e38031. doi:1 0.1 371/ 
journal. pone.0038031. PubMed: 22675429. 

18. Giallauria F, Cirillo P, D'agostino M, Petrillo G, Vitelli A et al. (2011) 
Effects of exercise training on high-mobility group box-1 levels after 
acute myocardial infarction. J Card Fail 17: 108-114. doi:1 0.1 016/ 
j.cardfail.201 1.06.364. PubMed: 21300299. 

19. Legramante JM, lellamo F, Massaro M, Sacco S, Galante A (2007) 
Effects of residential exercise training on heart rate recovery in 
coronary artery patients. Am J Physiol Heart Circ Physiol 292: H510- 
H51 5. PubMed: 16980349. 

20. Ribeiro F, Alves AJ, Teixeira M, Miranda F, Azevedo C, et al. (2012) 
Exercise training enhances autonomic function after acute myocardial 
infarction: A randomized controlled study. Portuguese Journal of 
Cardiology: An Official Journal of the Portuguese Society of Cardiology 
31:135-141. 

21. Tsai SW, Lin YW, Wu SK (2005) The effect of cardiac rehabilitation on 
recovery of heart rate over one minute after exercise in patients with 



coronary artery bypass graft surgery. Clin Rehabil 19: 843-849. doi: 
10.1191/0269215505cr915oa. PubMed: 16323383. 

22. Wu SK, Lin YW, Chen CL, Tsai SW (2006) Cardiac rehabilitation vs. 
home exercise after coronary artery bypass graft surgery: A 
comparison of heart rate recovery. American Journal of Physical 
Medicine & Rehabilitation/Association of Academic Physiatrists 85: 
711-717 

23. Zheng H, Luo M, Shen Y, Ma Y, Kang W (2008) Effects of 6 months 
exercise training on ventricular remodelling and autonomic tone in 
patients with acute myocardial infarction and percutaneous coronary 
intervention. J Rehabil Med 40: 776-779. doi: 10.2340/1 6501 977-0254. 
PubMed: 18843433. 

24. Moholdt T, Aamot IL, Granoien I, Gjerde L, Myklebust G et al. (2012) 
Aerobic interval training increases peak oxygen uptake more than usual 
care exercise training in myocardial infarction patients: A randomized 
controlled study. Clin Rehabil 26: 33-44. doi: 
10.1177/0269215511405229. PubMed: 21937520. 

25. Myers J, Hadley D, Oswald U, Bruner K, Kottman W et al. (2007) 
Effects of exercise training on heart rate recovery in patients with 
chronic heart failure. Am Heart J 153: 1056-1063. doi: 1 0.1 01 6/j.ahj. 
2007.02.038. PubMed: 17540210. 

26. Piepoli MF, Corra U, Benzer W, Bjarnason-Wehrens B, Dendale P et 
al. (2010) Secondary prevention through cardiac rehabilitation: From 
knowledge to implementation. A position paper from the cardiac 
rehabilitation section of the european association of cardiovascular 
prevention and rehabilitation. European Journal of Cardiovascular 
Prevention and Rehabilitation: Official Journal of the European Society 
of Cardiology, Working Groups on Epidemiology and Prevention and 
Cardiac Rehabilitation and Exercise Physiology 17: 1-17. doi: 
1 0. 1 1 77/1 741 82671 001 70s201 . 

27. Leon AS, Franklin BA, Costa F, Balady GJ, Berra KA et al. (2005) 
Cardiac rehabilitation and secondary prevention of coronary heart 
disease: An american heart association scientific statement from the 
council on clinical cardiology (subcommittee on exercise, cardiac 
rehabilitation, and prevention) and the council on nutrition, physical 
activity, and metabolism (subcommittee on physical activity), in 
collaboration with the american association of cardiovascular and 
pulmonary rehabilitation. Circulation 111: 369-376. doi: 1 0.1 1 61/01 .CIR. 
00001 51 788.08740.5C. PubMed: 15668354. 

28. Daanen HA, Lamberts RP, Kallen VL, Jin A, Van Meeteren NL (201 2) A 
systematic review on heart-rate recovery to monitor changes in training 
status in athletes. Int J Sports Physiol Perform 7: 251-260. PubMed: 
22357753. 

29. Jolly MA, Brennan DM, Cho L (2011) Impact of exercise on heart rate 
recovery. Circulation 124: 1520-1526. doi:10.1161/CIRCULATIONAHA. 
110.005009. PubMed: 21947293. 

30. Maeder MT, Ammann P, Rickli H, Brunner-La Rocca HP (2009) Impact 
of the exercise mode on heart rate recovery after maximal exercise. 
Eur J Appl Physiol 105: 247-255. doi:10.1007/s00421-008-0896-2. 
PubMed: 18953564. 



PLOS ONE | www.plosone.org 



7 



December 2013 | Volume 8 | Issue 12 | e83907 



